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ABSTRACT 

This report covers work rzrformed in April, May and June, 1981 on 
JPL/DOE Contract 954334, Phase 111. 

design, fabrication, assembly, operation, economic analysis, and process 
support R t D  for an Experimental Process System Development Unit (EPSDU). 

This phase consists of the engineering 

The mechanical bid package was issued and the bid responses are under 
evaluation. 
responses are not due until the third quarter. 
ment is on order or has been received at the EPSDU site. 

Similarly, the electrical bid package was issued, however, 
The majority of all equip- 

The pyrolysis/consolidation process design package was issued. Prepara- 
tion of process and instrumentation diagram for the free-space reactor has 
been started. 

In the 3re3 of melting/consolidation, Kayex have successfully melted 
chunk silicon and have produced silicon shot. 
was successfully transported pneumatically from a storage bin to the auger 
feeder twenty-five feet up and was melted. 

The free-space reactor powder 

The fluid-bed PDU has successfully operated at silane feed concen- 
trations up to 21%. 

The writing of the operating manual has started. Overall, the design 
phase is nearing completion. 
the mechanical and electrical subcontract activity and making preparation 
plans for running the plant. 

Activity for the third quarter will be starting 



SECTION I. INTRODUCTION 

This report covers work performed in April, May and June, 1981 on 
JPL/DOE Contract 954334, Phase 111. 

The overall objective of the I S A  Silicon Material Task is to establish 
a chemical process for producing silicon at a rate and cost commensurate 
with the production goals of the LSA project for solar-cell modules. 
material must be suitable for utilizaticn in the large-area sheet process 
and in the automated process for the fabrication of solar cells h.:ving 
satisfactory physical and electrical performance characteristics. 

This 

As part of the overall Silicon Material Task, Union Carbide developed 
the silane-silicon process and advanced the technology to the point where 
it has a definite potential for providing high-purity polysilicon on a 
commercial scale at a price of $14/kg by 1986 (1980 dollars). This work, 

completed under Phases I and I X  of the contract, provided a firm base for 
the Phase I11 Program (initiated in April 1979) aimed at establishing the 
practicality of the process by pursuing the following specific objectives: 

0 Design, fabricate, install, and operate an Experimental 
Process System Development Unit (EPSDU) sized for 100 
m/Yr to obtain extensive performance data to establish 
the data base for the design of commercial facilities. 

0 Perform supporting research and development to provide an 
information base usable for the EPSDU and fo r  technological 
design and economic analysis for potential scale-up of 
the process. 

0 Perform iterative economic analyses of the estimated product 
cost for the prodlvtion of semiconductor-grade silicon in a 

facility ca2able of producing 1000 MI'/Yr. 

1 
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This process for preparing semiconductor-grade silicon i i  the EPSDU 

from metallurgical-grade (M-G) silicon is based on a well-integrated 
arrangement of purification steps that provides a cost-effective process 
system. 

The three basic steps entail converting M-C silicon t o  trichlorosilane, 
redistributing the trichlorosilane to produce silane, and thermally decom- 
posing the silane t o  form silicon powder. 
the molten silicon is cast into polycrystalline silicon for subsequent use 
in fabricating solar cells. 

The powder is then melted and 

The technical progress presented in this report is arranged according 
to the Work Breakdown Structure (WBS) shown in Table I .  

4 



SECTION 11. TE-CHNICAL A 

1. EPSDU PROCPJ\M 

As i l l s u t r a t e d  i n  Table I ,  t he  current  Phase 111 Program cons i s t s  

of sevcn primary (WBS l eve l  2) div is ions  of e f f o r t :  

EPSDU Design and Procurement 

EPSDU Eqdipment Fabrication and Delivery 

EPSDU I n s t a l l a t i o n  and C1 ... ckout 

EPSDU Ope: a: ion 

Commercial (1000 MT/Yr) Process Economic Analysis 

Process R&D t o  Support EPSDU Design and Commercia! Analysis 

Program ManagemeTAt 

Collect ively,  these a c t i v i t i e s  encompass a l l  e f f o r t s  required t o  a t t a i n  

the program object ives .  The subdivisions (WBS l eve l s  3, 4,  and 5 )  def ine  

the  individual work items tha t  ;nust be perfor ied.  

quar te r ,  documented i n  t h i s  s c ’ t i o n ,  is report  

The progress for t h i s  

i t  the  work-item leve l .  

1.1 EPcDU DFSICN/PROCUREMENT 

This e f f o r t  i x l u d e s  a11 engineering, design, an6 procurement a c t i v i -  

;:isform the  process design, developed during t h e  Phase t i e s  necessary t o  

I 1  Program, in to  a complete inst,:’lp?ion-drawing package f o r  EPSDU. The 

ma-or tasks  include process uesign Jpdates.  f a c i l i t y  design. equipment 

design and procurement, i n s t a l l a t i o n  design, and cost  es t imat ing support ,  

1 e L , 1  Process Desigp 

The process design e f f o r t  is gezred toward using thc  most recent 

information ava i lab le  t o  provide the most prac t icable  in tegra t ion  of  process 

subcvstems f o r  a t t a in ing  thc  EPSDU Program object ives .  The process desigi, 

package coilsists of a heat/mass oalance, prc;ess descsipt ion,  process flow 



diagram, and functional specifications :‘or pr0ce.s equipment. 
package, issued in June 1979, served as the basis for the subsequent engi- 
neering effort. Beneficial data from the supporting RED effort and other 
process-related analyses and experiments were used to update the original 
pachage. Process engineers, using information available from the Phase I 

and Phase I1 Programs, provide direct support to the facility and equipment 
design efforts. 

The original 

1.1.1.2 Engineerin& &sign Support 

Process design activity during this quarter consisted of providing 
support to the engineering department by reviewing the mechanical design bid 
package from the process viewpoint and participating at the jobsite bidders 
meeting. 
compare4 for accuracy and the differences will be corrected. 

The updated gantry model and the mechanical piping design were 

The logic diagram was reviewed with the instrument engineer and 
the final logic diagram will be issued in July. 

1.1.1.4 Pyrolysis/Consol idat ion Process - Design 

Process Design Package 
The process design package for the pyrolysis/consolidation section 

was completed and issued in June. 
basis for developing P&I diagrams and design in Task 1.1.6 (Pyrolysis/Melting 
System Design). The text is divided into ten sections vi:: 

This Jesign package will be used as the 

1. Proress Description 
2. Process Flow Diagram 
3. Heat and Mass Balame 
4 .  

5 .  Preliminary Layout 
6 .  Utility Requirements 

7.  Special Requirements 

8. 

9. Shotting Tower Drawings 

Equipment List and Functional Specifications 

Safety Considerat ions and Informat ion 

10. Free-Space Reactor Fabrication Design 

6 



Process Flow Diagram, Heat and Hass Balance 
A process flow diagram was developed t o  show the  interconnect ions 

between equipment items. A heat  and mass balance ana lys i s  was made f o r  t he  

process and a stream cata log  developed def ining temperatwe, pressure,  flow 

rate, molecular weight and composition of  each f l u i d .  

Process Description 

S i l ane  is withdrawn from t h e  top of  t he  S i lane  Storage Tanks, t h e  

contents  of which have been analyzed t o  c o n f i h  adequate puri ty .  

pressure and Flow cont ro l led  s i l a n e  is in jec ted  into the  Free-Space Reactor 

through a water-cooled s t a i n l e s s  steel nozzle. 

are heated t o  900°C by t h e  Free-Space Reactor Pyrolysis  Furnace. 
an e l e c t r i c a l  r e s i s t ance  multi-zone furnace which is connected t o  p l an t  

power through the  Free-Space Transformer. 

from t h e  r eac to r  walls t o  t h e  en ter ing  s i l a n e  j e t  v i a  r ec i r cu la t ing  product 

bvdrogen and s i l i con .  

to:  

The 

The walls of t he  r eac to r  

This is 

Energy is t r ans fe r r ed  convectively 

Above 76OoC t h e  s i l a n e  rap id ly  decomposes according 

The react ion is e s s e n t i a l l y  complete before the  silane reaches 

the  walls of t he  reac tor ,  thus  precluding any hard deposi t  formation. 

product s i l i c o n  is in  the  form of a very f i n e  (0.49m) powder which is per io-  
d i c a l l y  s t r ipped  from t h e  r eac to r  wall by a mechanical scraper.  
is separated from i ts  hydrogen c a r r i e r  by porous metal f i l ters  located in  

t h e  lower chamber of t h e  reactor .  

i s  cooled t o  100°F i n  two s t eps  aga ins t  cooling water (Pyrolysis  Hydrogen 

Precooler, and Pyrolysis Hydrogen Cooler), and en te r s  the  first s tage  of t h e  

Pyrolysis Hydrogen Recycle Compressor. A por t ion  of the  hydroRen is  re- 
cycled from t h e  f i r s t  s tage  t o  t h e  Free-Space Reactor and t o  t h e  s h o t t e r  

assembly. 

serves a s  make-up hydrogen t o  the  hydrogenation reac tor .  

The 

The s i l i c o n  

The pyrolysis  hydrogen ex i t s  t he  hopper, 

The remainder enters the  second s tage  of t h e  compressor and 

The s i l i c o n  powder i n  the  lower r eac to r  is cooled by recycle  hydrogen 

and t h e  cooled powder per iodica l ly  i s  dense-phase-c,nveyed t o  t he  Shot te r  Feed 

Hopper. Compressed hydrogen s tored  i n  t h e  Hydrogen Accumulator maintains 

hopper pressure  during conveying. 

the powder i s  fed t o  t h e  Shot ter  v i a  a var iab le  speed screw auger. 

Following atmosphere exchange with argon 
The 
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powder is then melted and forced through a (nominal) 1 mm orifice to fom 
(nominal) 2 mm shot. The shot solidifies in the shotter drop tube and is 
cooled t o  close to ambient by recirculating hydrogen in the Shot Receiver. 
The hydrogen used is cooled against cooling water in the Shot Receiver 
Hydrogen Recycle Cooler, filtcred, boosted in pressure by the Shot Receiver 
Hydrogen Recycle Blower and reintroduced into the Receiver. Cooled shot is 
removed via the Shot Lockhopper and drummed. The collected shot is weighed 
on the Shot Scale and sent to storage. 

Powder produced in excess of the shotter's capability is conveyed 
Following atmosphere exchange with nitrogen, t o  the Excess Powder Hopper. 

the powder is conveyed into drums, weighed on the Powder Scale and sent 
t o  storage. 

Equipment 
An equipment list was prepared along with functional specifications 

for each of 27 equipment items. 
Consolidation building was developed which shows the location of equipment, 
items related to Q.C., utilities and non-process related features. 

A preliminary layout of t h e  Pyrolysis/ 

Silicon Powder Properties 
An analysis of the flow properties of the free-space reactor silicon 

powder was made t o  determine design parameters f o r  a transport system. 

1.1.2 Facility Design 
The gantry scale model requires updating to conform to the current 
The facility model has not been completed. design. 

has been delayed due to the model shop heavy workload. 
The model work for both 

1.1.3 Equipment De , Specification, Procurement - .  

The equipment related effort  incldes development of the control 
system, preparation of the piping and instrumentation diagram, preparation 
of wiring schematics and control panei drawings, and the design of  equipment. 
The specification activity includes definition of specific requirements for 
cach item of equipment, preparation of b i d  packages, evaluation o f  vendor 
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quotat ion, and preparation of final specificat ions and drawings. 
includes the issuance of procurement packages to selected vendors and ob- 
taining comprehensive design information necessary for preparing installation 
drawings . 

Procurement 

The design and procurement of each item of equipment is accomplished 
through the combined efforts of process engineers, equipment engineers, and 
purchasing agents. 
ultimately, into a complete, definitive procurement package. 
documents are as follows: 

These efforts produce a series of documents that evolve, 
The individual 

0 Functional Specifications 
0 Engineering Specifications 
0 Request For Quotation (RFQ) 

0 Request For Requisition (RFR) 
0 Purchase Order (PO) 
0 Procurement Status Report 

These s i x  documents serve as milestones for measuring performance 

of the procurement cycle for each item of equipment. 

1.1.3.1 Process Control 

The controls systems eczinecring effort includes all activities asso- 
ciated with developing the PEI didgram, designing process control loops and 
control panels, specifying valves and instrumentation, and preparing control 
wiring and pneumatic diagrams. 
the PEI diagrams and the schematic wiring diagram was expanded to show ttie inter- 
faces between field instruments, panel instruments znd the data collection 
system. 
and issued. 

An instrument equipment list was developed from 

The logic diagram was completed and was reviewed by the process group 

Programming of the Modicon unit was initiated. The Modicon 584 PC is a 
solid-state device designed t o  perform Logic, timing, sequencing and calculations 
for industrial control applications. 
used as a direct replacement for relays or solid-state electronics in an indus- 
trial environment. 

:t is a general purpose device that can be 

9 



1.1.3.7 Other Equipment, Specialties 

Key items addressed during this quarter were: 

(a) The leak detector for the gas superheater was received with an incorrect 
pH control module. 
check-out for satisfactory performance. 
sample the superhenter flue gas and set off an alarm if a high level of 
HCl is detected. The detection method is to dissolve the stack gas in 
de-ionized water and test the solution with a chloride-sensitive electrode. 

This has been corrected and the assembly is in 
The instrument will continuously 

(b) A request for requisition has been issued for the silica agglomerator. 
This unit uses a helical coi.1 of high tensile piano wire to scrape 
the edge o f  the pipe, knocking loose any silica deposits. 

(c) The pyrolysis hydrogen compressor is now being reficted to meet electronic- 
grade purity specifications. 
single largest specialty item. 

This equipment rework constitutes the 

Id) All sample conditioners are assembled and are in the proczss of being 
cleaned to meet electronic grade cleaning standards. 

(e' The total complement of seven shlorosilane pump systems assembly 
was completed. 

1.1.3.8 Data Collection System 

The programming portion to be written by the Process Croup has been 
cor!, cted, the documentation will be issued in the next quarter. 
';jplic;ations Group have some remaining work to complete the data storage and 
retrieval system. 

The Computer 

The computerized data collection system for the 700 I ir silane- 

to sili:.on EPSDU plant will provide operational guidance and d,>ign data for 

the commercial facility. The basis of this system is the computer control 
system which is used by UCC-Linde in the control of  Air Separation Plants. 

10 



The additions to the control system include the capability to 
store large amounts of data at varying time cycles, to input offline data, to 
do preliminary data reduction on a daily basis, and to incorporate chroma- 
tograph results into flow calculations. 
tion system which fulfills the program requirements. 

These additions provide a data collec- 

On-line data (scanivalve points ard direct inputs) are collected at 
specified time intervals by the computer. 
manual readings) are nanually entered through one of the peripheral devices. 
Information about the process can be obtained in either of two ways: 

The off-line data (analyses and 

(1) Automatic readout in the form of a log, a daily 
report or a message, 

or 

(2) Operating personnel can request by typing manual 
instructions to the computer to display a group 
of process variables or an hourly average of key 
variables for the past 24 hour period. 

A sample of the daily report (4 pages) is shown in Table 11. 

1.1.4 Instal lation Design, Specification, Subcontract 

This design effort includes development of separate installation 
drawing packages for the site, civil, mechanical, and electrical specialties 
based on the engineering design effort and vendor-supplied information. 
cification activity includes definition of specific requirements for perfor- 
ming all installation functions. Subcontracting includes the prepar?tion of 
bid packages, evaluation of quotes, sub-contractor selection and contract 
negotiation. 

Spe- 
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1.1.4.4 Mechanical Design, Specification g Materials and 
1.1.4.5 Mechanical Drawings 

The field bill of materials and the specification for cleaning 
chlorosilane piping was issued and included in the mechanical specification 
package. The balance of the piping components was ordered. 

The completed specifications, 65 mechanical and 43 instrumentation 
drawings were reviewed during an Engineering Team meeting and released for 
bidding to five sub-contractors on April 24, 1981. 

Construction drawings were compared to the gantry scale model as an 
additional design check. 

1.1.4.6 Electrical Design, Specification & Materials and 
1.1.4.7 Electrical Drawings 

The electrical bid package was issued on June 26, 1981. 

1.1.6 Pyrolysis/Melting System Design 

Work in this area started in May and involves preparing equipment 
and installation designs for EPSW pyrolysis and melting systems. The infor- 
mation generated from the PDL! experiments (VBS 1.1.1.3) and pyrolysis process 
design ( W B S  1.1.1.4). s m e  as a basis for this activity. 

The first activity under this work item consists of preparing a 
detailed PBI diagram for the integrated free-space reactor/shotter arrange- 
ment. 
RFQ's for the various equipment items will be prepared in order to obtain 
quotations from vendors. 

Following the completion of the PI1 diagram and Instrument List, 

1.2 EQUIPMENT FABRICATION/DELIVERY 

This report item includes all in-house and outside activities asso- 
ciated with fabrication, delivery, and vendor coordination for all items 
of equipment. 
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A total of 224 purchase orders have been issued-to-date to supply 
approximately 3000 items ranging from large distillation columns to small 
valves. The total cost of itms purchased is 1.8 million dollars and over 
90% of the equipment has been received. 

1.2.1 
1.2.1.1 Field rnstruments and Controls 

Process Control and Data Collection System 

Purchase orders were issued for a further assortment of 80 valves 
and flow indicators. 

1.2.1.2 

1 . 2.1.4 

1.2.8 

Panels and Panel Instruments 

Purchase orders for 238 items were placed in this quarter. 

Data Collection Equipment 

A purchase order for 23 computer components was issued. 

Procurement Support 

This task includes the Procurement Department effort necessary to 
initiate, monitor and control the purchase of equipment. 

1.2.8.1 Purchasing, Expediting 

Fabrication of two equipment items were completed but shipment was 
The withheld due to the operating engineer's strike at the EPSDU jcb site. 

MCC No. 1 (Westinghouse) and agglomerator (Yon Dugan) will be held for de- 
livery until the job site has equipment off-loading and handling capability 
once again. The updated procurement status report is shown as Appendix A. 

1.2.8.2 Eauinment Design and Insnection 

A meeting was held at the EPSDU job site to review shop and field 
inspection procedures with JPL Q.A. personnel. 
which a piece of equipment is accepted. 

UCC explained the method Ly 
First, inspections are made to the 

17 



fabricators shop on a spot basis since we purchase from established suppliers 
who have been previously qualified by supplying other equipmen. to UCC. 

Reliance is placed on the suppliers’ past record. 

The design and ordering a specific piece of equipment involves 
many individuals: 

0 Mechanical Designer/Draftsman 
0 Process Engineer 
0 Instrumentation Engineer 
0 

0 Purchasing Agent 
Spec i f i cat ion h”r i t 2r 

The mcchanical designer/draft sman designs the equipment 
the concurrence of the process engineer and other team meaers. 
and specifications are issued for bids, a qualified bidder is selected and 
a purchase order is issued. 

~1 lation with 
Thc. drawinp 

Upon receipt of the equipment at the job site, the equipment is in- 
spected to establish that it conforms to the drawings i.e. dimensionally 
correct, accurate nozzle locations, correct materials and finish. The process 
engineer also inspects to assure that the delivered eqcipment meets the intent 
of the original design concept and is acceptable -- thus the? design loop is 
completed. 
action i -  sought from the vendor. 
the field by available qualified personnel and costs are back charged, or the 
vendor sends their own personnel to make field repairs, or the equipment is 
returned at their expen52 for repair at their shop. 

I f  a piece of equipment fails this inspection procdure, corrective 
This cap take a number of ways; repair in 

The following list of equipmen* was checked and reported in good 
condition except for a few minor points which will be corrected. 
does not necessarily include all equipment which has been inspected. 

This list 

Equipment Inspected 

Waste settler tank (421-04) 
Pressure relief catch tank (451-06) 
Quench condenser receiver (4 21 -08) 
Quench condenser (4 24-0 8) 
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DCS condenser (434-313 
STC storage tank (421-12) 
Gas superheater furnace (429-04) 
Hot oil heating furnace [46'" 1.6) 
MC silicon bin (411-02) 
Silica bin (451-08) 
Waste settler tank (421-04) 
Silica venturi (459-02) 
Muriatic scrubber (459-04) 
Emergency generator (643-02) 
Dryout heater (.464-06) 

Crude TCS storage tank (421-10) 
Muriatic tailing column (452-02) 
Hydrogenation reactor (425-02) 
Recycle hydrogen compressors (423-02 and -03) 

In general, Figures 1 through 6 are photographs of major equipment 
items which have been received and some of which have not been set dn their 
foundation pads. 

The procurement of equipment and materials €or this phase of EPSDU 
project is essentially complete. 

1.2.5.4 Tonaaranda EauiDment Cleanine 

A cleat ',..g station was established and cleaning of equipment was 
started and will be completed in the third quarter. 
(valves, regulators, etc.] are sonically and chemically cleaned to exacting 
standards and are packaged in sealed plas?ic bags, whi..h will not be opened 
until installation at EPSDU. 

Items to be clean4 

1.3 INSTALLATION )',?ID CHECKOUT - 1- 

This rpport item includes all effort associated with award of sub- 
contracts, providing instructions to the on-going subcontract activities, 
monitoring subcontractor performnee, and checkout activities to ensnrt: 
proper installation. 
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1.3.1 Installation Subcontracts 

This task includes the effort for all installation activities 
assigned to subcontractors and includes labor, materials, and day-to-day 
job supervision. 
schedule and cost s.\masgries. 

Monthly reports are issued which include progress dctails, 

The civil contract is complete except for repair to the primer on 
the gantry structure and some miscellaneous details. 
who have permanent personnel located at tire adjacent Linde Gas Plant, have 
placed major equipment items on their foundations. The completion of this 
activity has been delayed due to a strike of the Operating Engineers -this 
will not cause a slippage for the plant construction plan since the award 
of the mechanical construction package has been delayed. 

Calumet Industries, 

1.3.2 Installation Materials 

Twenty-one purchase orders were issued for a total of 1234 items 
such as valves, gages, etc. 

1.3.3 
1.3.3.5 

the five 
tions on 

Installation Support 
Procurement 

A meeting was held at the East Chicago jobsite on Hay 13, 1981 with 
contractors bidding on the mechanical subccntract. 
the drawings and specifications were resolved. 

Various ques- 

Mechanical subcontract bids were received on June 22, 1981 from the 
fiye contractors. 
postponed pending JPL/UCC Zunding resolution. 

Evaluation of bids and bid award have been indefinitely 

Electrical subcontract bid packagns were issued to four candidate 
contractors on June 26, 1981. Bids are due on July 31, 1981, 

1.4 OPERATION 

This work item includes all activities necessdry to operate EFSDU to 
demonstrate operability, provide representative product samples, generate 
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performance data for economic assessment and equipment and system design 
data for a commercial facility. 

1.4.1 Preparation 

This ac .ivity includes training of operating personnel, preparation 
of an operations manual and test plan. 

1.4.1.1 Operations, Operating Manual 

The operations manual will consist of six volumes: 

I. Safety 
11. Description 
I I I. Operat ion 
IV. haintenance 
V. Test Plan 
VI. Quality Control Laboratory 

4 draft of the chemical safety section of the first volume has been written 
and is under review. 

1.6 PROCESS SUPPORT R & D 

The supporting R 6 D Program is separate from the mainstream design 
effort and includes all activities associated with analytical and experi- 
mental development of the free-space reactor, melting/consolidation system, 
fluid-bed reactor system, and quality control techniques and procedures. 
Information generated in this program will be used for the EPSDU effort and 
the commercial facility economic analysis. 

1.6e2 Melting/Consolidation 

The design and deve1opmer.t effort necessary to obtain a reliable 
melter for EPSDU involves UCC and sub-contractor (Kayex) efFort. 
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1.6.2.1 Melter System Subcontract - 
This effort involves establishing and managing the sub-contract 

and sub-contractor development, design, and fabrication efforts. 

Kayex Corporation is developing the silicon melter system for EPSDU. 
The silicon consolidation scheae is based on melting the powder in a quartz 
crucible and dropping molten silicon shot from the crucible bottom into a 

cooling tower where the shot is solidified. 
3 meltingiconjolij~tin~ system suitable for installation in the ET.211. 

The goal is to design and build 

The sub-contractor has made significai.t pimgress dui _. .- &he second 
quarter, having overcome minor engineering setb..iks and schedule delays. 
Although behind the original program schedule, it is projected that Kayex will 
meet contractual items within the allowable budget. 

The following log summarizes the significant runs made during the 
second quarter reporting period: 

During the period from March through May 1981, 9 melt runs and 13 dry runs 
were made. Equipment problems were encountered and solved. 

The pertinent details of the melt runs are listed: 

0 Melt Run Number 1 (3/4) : Purpose - melt chunks, poduce shot with 1 m 
orifice, a 5.5  kg load, and no pressure difference. Results - a coil water 
blockage caused overheating and premature shut down; some silicon was melted, 
but no shot was produced. 

0 

stration for JPL and Union Carbide with a 1 nun orifice, a 3.9 kg load, and no 
pressure difference. 
shot was produced. 

Melt Run Number 2 (3/10): Purpose - to melt and produce shot in a demon- 

Results - nearly complete melting was achieved, but no 

0 Purpose - to melt and shot silicon with a 2 m 

orifice while utilizing the design changes of Dry Heat Run Number 8 as well as 
having the coil turns spaced more closely at the base, loading with finely 
ground chiinks to the top of the crucible (6.1 kg load) and being capable of 

applying a pressure difference to the melt. Results - the chunks bridged at 

Melt Run Number 3 (3/20): 
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t he  top, but melted a t  the  bottom, shot was produced without applying a pres- 

sure di f fe rence ,  t he  base of t he  c ruc ib le  fsriled, producing blobs of molten 

silicon shot,  and the  co l lec t ion  tube cracked. 

0 Melt Run No. 4 (4/1S): Purpose - t o  produce shot using a c ruc ib le  with 

a round bottom and a 2 mm drawn-down o r i f i c e ,  using th ree  kilograms of 
s i l i c o n  and using a lower hot zone height i n  the  co i l .  Results - no shot 

was produced desp i t e  applying 6 p s i  t o  the  melt. 

0 M e l t  Run No. 5 (4/16): Purpose - t o  produce shot using a round-bottom 

crucible  with a 2 mm drawn-down o r i f i c e ,  using a hot zone located 3/4 inch 

higher i n  t h e  c o i l  than the  last  M and using four kilograms of s i l i con .  

Results - t h e  c ruc ib le  shook i n  t h e  susceptor,  and f u l l  power was maintained 

fo r  25 minutes un t i l  t h e  nozzle f a i l e d  and s i l i c o n  poured down i n t o  t h e  

co l lec t ion  tube. The susceptor cracked during cooling. 

0 

tubing n o z z l e  with a 2 to  2-1/2 ma o r i f i c e  and using 3.8 kg of s i l i con .  

Results - shot was produced, but t he  di::ieter was too large t o  f reeze  i n  the  

drop tube, causing a molten p i l e  i n  t h e  co l l ec t ion  tube. 

k l t  Run Wder 6 (S/ l ) :  Purpose - to  produce shot using a cap i l l a ry  

0 

o r i f i c e  i n  a cap i l l a ry  tubing nozzle w i t h  3.65 kg of s i l icon .  

best shot of a l l  runs was produced, although a considerable molten p i l e  

formed i n  t he  co l lec t ion  tube. 

Melt Run Number 7 (5/7): Purpose - t o  produce shot using a 1.3 mm 
Results - t he  

A crack i n  the  nozzle forced ear ly  shutdown. 

0 M e l t  Run Number 8 (5/14): Purpose - t o  produce shot using a 0.94 mm 
o r i f i c e  and 2.42 kg of s i l i c o n  chunks. 

I / 2  hour and a 1.S ps i  pressure d i f fe rence  was found t o  be optimal. 

put of 1.9 kg was obtained and qua l i ty  of shot was good. 

Results - shot t ing  was maintained for 
A through- 

0 Melt Run Number 3 (5/19): Purpose - t o  produce shot using a 0-74 mm 
o r i f i c e  and 2.7 kg of s i l i con .  

cracked causing drop tube pressure t o  drop t o  zero, 3.45 kg of s i l i c o n  through- 

put (910) was achieved over 44 minutes and considerable quant i ty  of good shot 
was produced. 

Results - although t h e  quartz  co? lec t ion  tube 
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Kayex progress reports to UCC are out of phase by one month with the UCC 
reporting to JPL. 
of achievements in June is also included. Two additional successful runs 
were made in June using chunk silicon and orifice sizes 0.56 and 0.66 nun. 

Also the powder transport system demonstrated that free-space reactor powder 
can be pneumatically transported to a height of 25 feet through a 2-inch 
diameter pipe. 
in a quartz crucible. 

In order to bring the reader up-to-date, a general report 

A subsequent run, also demonstrated that powder can be melted 

A detailed quarterly review was held at Kayex on June 26th. It was 
agreed that Kayex will deliver all contractual items including: 

0 Detailed Operating Manual, 
0 Detailed Technology ~evelopuent Report which will include 

experimental results and a technical assessment, 
Functional Design Report including up-to-date drawings. 

1.6.3 Fluid-Bed Development 

This development program includes all analytical, experiment il, 
and design effort associated with Jcveloping a fluid-bed reactor as an a1tc.r- 
native or backup system to t h e  free-space reactor. 

1.6.3.4 Fluid-Bed Pyro3sis ~ P D U I  

This work item consists of all efforts associated with the design, 
fabrication, and testing of an experimental unit to establish design data for 
an EPSDU-scale system. 

The following log summarizes the fluid-bed runs (using hydrogen as 

the fluidizing gas) which were made during April and May before the test plan 
was stopped because OC funding restrictions. 

A y i l  1981 

0 Run Number 1: Purpose - t o  test electrical band heaters. Results - heater 
hands overheated due to an incorrect placement of the control thermocouple. 
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0 

couple relocated and determine bed temperature profiles. 
also applied to increase bed temperature heat-up. 
particles occurred due to the localized high temperature between the arc 
heating electrodes. 

Run Number 2: Purpose - to rppeat Run Number 1 with the control thermo- 
Arc heating was 

Results - sintering of 

?day 1981 

0 

reactor wall. 
duration run. 

Run Number 3: Purpose - to test band heaters directly clamped to the 
Results - a bed temperature of 475OC was achieved in the short 

0 

the arc heating electrodes. 
temperature from 54S°C to 615 C in 1-1/2 hours. 
sintering took place. 

Run Number 4: Purpose - to test heating response with power applied to 
Results - arc heating raised the upper bed 
0 

Again, some silicon particle 

0 Run Number S: Purpose - to test the introduction of silane to the hy- 
drogen fluidizing gas. 
tion of 10% silane feed, a conversion of 85% was achieved. 

Results - it was demonstrated that with a concentra- 

0 Run Number 6: Purpose - to increase silane feed (fluid bed was kept 
hot overnight after previous run). 
to 21% with a ccrresponding increase in bed temperature to 68S°C and a silane- 
to-silicon conversion rate of up to 99.7% $.gas achieved. 

Results - silane feed rate was increased 

Sarnplec of fluid bed particles were submitted to the materials engi- 
neering laboratory to check aQpearance using a *;csnriirrg clcct-m microscope. 

Figures 7 and 8 show the low and high magnification views (SOX and 
SOOOX respectively) of Sample No. 1 (silicon particles after Run 4 ,  Series A). 
These particles are typical for those unexposed to silane, have vivid edges 
with high definition of the surface characteristics. 
SEM shows evidence of slight surface debris. 

The high magnification 

In contrast, Figure 9 and 10 show well rounded particles with a sub- 
These views represent particles stantial modular silicon surface deposition. 

from Sample No. 2 (after Run 6, Series A, silane addition). 







Figure 11 is an optical photomicrograph showing the cross-sectional 
views of random silicon particles from Sample No. 2 (silicon particles after 
Run 6, Series A, silane addition). After the cross-sections were metallo- 
graphically prepared and etched, an effort was made to deterdine the thickness 
and characteristics of the deposited silicon layer which was the result of the 
silicon/silane reaction. 
tively homogeneous silicon layer with respect to deposition rate (thickness). 
Several measurements were taken on the silicon layers of these particles. 
The thickness of the deposited silicon layer ranged f r o m  approximately .00019** 
to .00023**. The original silicon particle size seemed to have little, if any, 
effect on the deposition rate/thickness of the silicon layer. 

The particles shown in Figure 11 exhibit a rela- 

Figure 12 is a high magnification view (lOOOX) of Sample No. 2, 

This cross-sectional view of a random particle is typical of the uniform 
silicon layer found in this sample. 

The initial start-up runs were extremely encouraging. Although, 
the fluid-bed program is on hold as of Kay 15, 1981 due to funding recision, 
and the equipment has been "moth-balledlt, it appears to offer great potential 
for converting silane to silicon. 

1.7 MANAGEMENT Ah.3 DELIVERABLES 

This report item includes all activities associated with managing the 
program and insuring that all deliverables are made in accordance with the 
program requiTements. 

Balance of Proeram Activities 

The estimate-to-complete for the remaining EPSDU effort through 1983 
was transmitted to JPL in the first quwter and there were many questions 
which required detailed cost back-up. 
at the seventh bimonthly review keld at Tonawanda on May 5th to 8th. 
fiscal year 1981 budget was reduced and work was discontinued in the pyrolysis 
systems engineering area (1.1.6), and the fluid-bed development (1.6.3). 
During May, the rlanned fiscal year '81 activities were restructured to meet 
the budget constraints. All project costs including committed costs were 
reviewed and a new Performance Measurement System (PMS) was issued dated 

The fact finding review was concluded 
The 
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May 29, 1981. 
schedules for t h e  balance of t h e  Fy 1981 (through Oct 31, 1981). 

r o l y s i s  systems engineering work (1.1.6) was reac t iva ted  i n  t h e  newly struc- 
tured program. 

This updated PHS covers projected expenditures and work 

The py- 

I t  had been planned t o  award t h e  mechanical and e l e c t r i c a l  sub-contracts 

f o r  t he  EPSDU plant  i n  t h e  t h i r d  quar te r ,  however, t h i s  has been placed on 

hold u n t i l  future funding is known. This w i l l  r e s u l t  i n  a s l ippage of t h e  

s tar t -up of EPSDU f a c i l i t y .  

JPL/UCC Bimonthly Meeting 

The seventh bimonthly review was he ld  from t h e  5 th  t o  8 th  o f  May, 1981 

a t  Tonawanda. 

postponed, t h e  Fy 1981 budget, poss ib le  c e i l i n g  f o r  funding i n  Fy 1 ~ 8 2  and 

review of equipment cos t s  a l ready purchased. 

duction of s i l a n e  t o  the  fluid-bed PDU - t h e  tes t  was successful  and is docu- 

mented i n  o ther  sec t ions  of t h i s  report .  

and witnessed a moderately successful  shot run made with a 1.3 mm s ized o r i f i c e .  

Items discussed included a reas  where expenditures could be 

J P L  witnessed the  first intro- 

JPL a l s o  v i s i t e d  Kayex on May 7th 

Del iverables  

The monthly technica l  progress r epor t s  were issued along with t h e  

monthly f inanc ia l  and management reports .  

The fourth quar te r  1980 and t h e  first quar te r  1981 progress r epor t s  

were issued. 
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Major Milestones 

The major milestoncs reached this quarter a n  presented in Table 111. 

TABLE I I I MAJOR MILESTONES- REACHED - 

WBS NO. 
1.1.1.2 

1.1 -1.4 
1. ..4.4 
1.1.4 - 5  

1.1.4.6 
1.1.4.7 
1.1.6.1 
1 2.2.3 
1 D 1.3. z 
1.2.3.3 
1.2.3.1 
1.3.4.2 
1.2.4.3 
1.2.4.4 

1.2.4.5 
1e204.7 

1.2.5,l 
1 0 2 c  s.2 

1.2.5.3 
1.,'.5.4 

1.2,s.O 

1-2.8.2 

1.3.1.2 

MILESTONE DESCRIPTION OF MAJOR MILESTONE 
C Installation design review complete. 

Meeting minutes issued. 
A Proccsq design package issued. 
E 
F 
C Electrical package issued for bids. 
H Electrical drawings issued for bid package. 
0 Control System Design PEI package started, 
H Final invoice payment, 
ti Final invoice payment. 
ti Final invoice paymen;. 
H Final invoice payment. 
G A1 1 equ ipmcnt recc i ved 
G All equipment reccivcd. 
c All equipment received. 
ti Final invoice payment. 
H Final invoice payment. 

Mechanical/Piping package issued for bids, 
Drawings issued for bid package. 

c 
H 
H 

All equipment received. 
Final jnvoice payment. 
Final invoice payment. 

H Final invoice payment 
H Final invoice payment. 
H Final invoice payment. 
C A1 1 equipment received. 
11 Final invoice payment. 
E Equipment inspect ion report i ssuecl. 
F Specialty items delivered to siic. 

I; Final invoice payment. 
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TABLE I11 MAJGR MILESTONES REACHED (continued; - 
WBS NO. MILESTONE 

1.4.1.1 0 

1.6.3.4.2 E 

1.6.3.4.3 P 
0 

1.7 .3  R 
s 
T 

DESCRIPTION SF MAJOR MI LESTOKE - --- 
Operati-ng manual started!. 

PDU system checkout completed. 

Start-up with hydrogen completed. 
"Arc discharge" heat ing  of s i l i c c g  bed 
completed. 

Monthly Financial and Management Reports 
and Progress Repozts i s sued ,  
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SECTION I1 I . CONCLUSIONS 

Significant highlights and conclusions arc presented according t o  the 
relevant W B S  numbers. 

1.1 DESIGIU/P- 

1.1.1 

1.1-2 

1.1.3 

1.1.4 

l . l . 6  

Process Design 

0 Mechanical design bid package was issued April 24, 1981. 
0 Mechanical design bids were received on June 22, 1981 and 

have been reviewed. However, the award of the sub-contract 
has been delayed until funding issues have been resolved. 
Electrical design bid package was issued on schedule, 
June 26, 1981. 
The pyrolysis/consolidation process design package was 

completed and issued in June. 

0 

0 

Facility ksi.n 

0 The completiop of fabricating the gantry and facility scale 
models has been delayed due to the model shop heavy workload. 

Equipmen t m e c i  f i ca t io 

0 Software for the data collectioq system is in place which 
allows disr storage of raw operating data and ability to 
produce a daily report of process performance. 

6 Assembly of all sample conditioners was completed. 

-. Instal lation D e m S p e c i f  - _ _  ication, Subcontract 

0 The field bill of materials and specification were issued 

Ind included in the mechanical design specification package. 

F'yrolysislMelting System 

The design effort, temporarjly delayed, was reactivated in May 
and will be completed by RGLJ personnel. 
being prepared. 

The P$I diagrams are 
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1.2 EQUIPMENT FABRICATION/DELIVERY 

0 Ninety percent of the equipment has been received. 
0 Equipment received at the EPSW site is entered in a materials 

receiving log and identification tags are attached to equipment 
items in excess of $1000. 

1.3 INSTALLATION AND CHECKOUT 

0 Award of mechanical contract is delayed. 
0 Operating engineers at EPSDU site are on strike and placement 

of equipment is delayed. 

1.4 OPERATION 

0 Draft of chemical safety section for the first of sir volumes 
has been written. 
iquipnent delivered to the EPSDU site has been inspected. 0 

1.6 PROCESS SUPPORT RED 

1.6.2 Melting/Consolidation 

0 Kayex have demonstrated the system to varying degrees by 
melting silicon chunks, producing shot, stopping and starting 
shot by differential pressure and pneumatically transporting 
free-space reactor powder in a 2-inch diameter pipe through 
a vertical height of 25 feet. 

1.6.3 - Fluid-Bed De-ment 

0 The fluid-bed PDU was started up successfully and operated 
with silane feed concentrations up to 21$, 

0 The PDU was shut down due to budget constraints. 
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SECTION I V .  - PRoJE.CTED QUAR-RLY ACTJYITIES 

1.1 EPSDU ~DESICN/PROCUR€MEW 
1.1.1 

1.1.2 

1.1.3 

1.1.4 

1.1.6 

0 A safety review of the pressure relief system design will 
be conducted. 

Faci 1 it- 

0 Gantry scale model will be corrected. 
Facility scale d e l  will continue. 

s e n t _ _ D e s a ,  Specification, Procurement 

0 Draft of programming description to produce the daily 
progress repor* will be issued. 

Instal 1 la t ion Design, Specification, Siibcont - -  ract 

e Final drawing and specification changes for the mechanical 
and electrical packages will be issued. 
Mechanical and electrical subcontracts will be awarded if 
funding is available. 

=is/Melting S m  

0 Preliminary PGI diagram for the free-space reactor will be 
prepared 
Preparation of RFQ's for major equipment in the pyrolysis 
section will start. 

0 

1.2 1_QuPMENT FABRICATIO,*, DELIYERY - -  

0 

0 

0 Equipment cleaning will continue. 

Balance of equipment will be delivered to EPSn!J site. 
Quality Control trailer w i l l  be delivered. 
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1.3 INSTALLATION - 6 CHECKOUT 

0 

0 Mechanical and electrical installation may begin. 
Equipment received will be inspected. 

1.4 OPERATION 

0 

0 

Writing of the operating manual will continue. 
Electric power will be connected to the EPSDU site in July. 

1.5 COMMERCIAL PROCESS EC0NO)IIIC -ANALYSIS 

0 No activity planned. 

1.6 PROCE'. .GRT RSD 

1*6.2 Ne . c ':onsolidation 
-cI- 

- - .  - 
0 Powder melting/shotting experiments will continue. 

Preparation of final report will start. 

1.7 MANAGEMENT AND DELIVEUBLES 

0 

0 

0 

0 Deliverable documents based on the PMS will be issued. 

Monthly financial and management reports will be issued. 
Monthly technical reports w i l l  be issued. 
Second quarterly progress report (Apr - Jun 1981) will be issued. 
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APPENDIX A 

EQUIPMENT PROCUREHEN" STATUS 

JUNE 1981 

A-' 



'. 0. 
U B E R  

5OOOl 

50002 

426-02 
Quench Conrrctor Pup 

50009 

r:S-oz, u; 
Recycle $1. Compressor 500 IO 

4 50011 

110-02 
Hot Oil hmp 0 

# 

1:4-02 
Wench Condenser 

0 

A-2 



--- 
4 36 -02 I Stripper Cowbaser 

421-12, 16 
441-06 
ranks 
46d-02. 04 
kclatilation Haat 
Excbaners 

434-OB. 14. 18 
Column cagd wers 

-33-12. 16, 24 
S 4 - 0 2  Coolers 

L 

4 9 - 2 6  
Refrig. h a t i n g  Coil 

L 

50016 J 

50021 

50022 I d  
50023 I 

50026 - 1  
5002: 

56028 

A-3 



P. 0. 
FJW8eR 

so032 

so053 

SOOM 

so055 

SO036 

50053 

50059 

50040 

50041 

So04 2 

50053 

50044 

SO045 

I 
T 

t 
A-4 



A-S 



127-02 
Cnule Tcs Filter 

437-02 
Silane Ultra Filter 

ada-oa. IO 
laadiiig Scales 

448-04 
Boule Cart 

448-14 
Bwle Scale 

6 8 - 0 4  
S i l i c a  Drum Pachsr 

4 

50065 

50068 

50072 I 

A-6 



459-02. 04 
Venturi and Scrubber I 
429-04 I Superheater 

I 
I 

I 50077 

50079 

50080 

50081 

50082 

459-08. 10. 12. 14 
Waste Burners I 1 50083 j 

156-04 I Si1 ica Agglomrator 

469-02 I Cooling Tower I 50086 I J 

569 - 06 
Cooling Tower Treatment I I 469-12 1 50088 1 4 Refr'igerot ion System 

A-7 



eQprIPmNT No. s N4m 

469-1: 
Therminol Heater 

452-02 
Muriatic Tailing Column I 
456-08 
Tailing Column Pump I 

I S00Q2 

569- 14 
Instrument Air Package I 

I SO093 

6CI-02 I Transcomer SO094 I 
5009s 

365-02 ti- Quality Control Trailer 50096 

l I 
SO09 7 

411-08 
TL Argon Tznk I 
461-04, 06 
Fuel Oil Storage Tank 50099 

SO103 

SOlOl 

Emec#mcv Generator F+ 
A-8 



265-06. 08 
Vantilation Blower 5010s  

50104 

J26-Ob. 07 
STC puraps 50105 

50106 

50107 For Jj2-08 
Internals for S i l a n e  
501UInn 

Chlorosrlane .Analysis 50108 

UV Spectrophototriet er I 
Elenental Analysis 501 10 1 

sol11 Silicon Malting Furnace 

132-02 
S t r i p p e r  Column sol12 I - -  I 

1 

50113 I 
432-36 
Dcs Colunn 

I 
159-16 - 
.\g 1 t a t 0  r so115 I 
J29-02 
Quench 6 Solids 
Removal Contractor 

I J  

RFR 
ISSUE1 - P.O. ISSUED - 

A-9 



EQUIPMENT no. 6 N M ?  

466-06. 07 
Fuel 011 Pumps 

Ja2-08 
Silane Cclumn 

Fie1 d Ins trwnentatfon 1 -  
469- 29 
I n3 trument 
Air Dryer 

428-04 
Sol i d s  Conveyor 

I 

464-06 
Thaw Heater 

Program 
Controller 

P. 0. 
MJFBER - 
SOll? 

soiia 

50119 

50123 

so124 

~OlZS 

50126 

501.27 

s o 1 3  

501 30 

J 

J 

J 

A-10 



P. 0. 

501 31 4- 7 Haske: 3s 

Pressure 
Lubricators 501 32 

Y\ 33 8 rjP valves 1 
i 7 springs 

501 34 
Panel "A" 

Printer 501 35 

tOnputer 1 -  501% 

50137 M C l O ? T X  I Cartridges 

9138 Automa t i c  
wa1 res 

A r  t m t f c  
Va! ves 

Automatic 
Val vet 

vd 1 ver 

Autoamtic 
Val res 

50139 J 

50141 

50142 

c 50143 

50 1 44 

501 45 
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